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Synthesis
General methods
All reagents and solvents were purchased from commercial sources and used as supplied unless otherwise indicated. All reactions were monitored by thin-layer chromatography (TLC) using Merck silica gel 60 F254 plates (0.25mm). TLC plates were visualized using UV light (254nm) and/or by using the appropriate TLC stain. Flash column chromatography was performed using silica gel (Sigma-Aldrich) 40-63 μm 60 Å treated with a solvent system specified in the individual procedures. Solvents were removed by rotary evaporator at 40°C or below and the compounds further dried using high vacuum pumps. Melting points were obtained on a Reichert-Thermovar melting point apparatus and are uncorrected. Infrared spectra were recorded neat on a Perkin Elmer Frontier 
Experimental procedures
1-Methyl-2-nitro-1H-imidazole (4)
Methyl iodide (1.5 mL, 23.6 mmol, 1.2 eq.) was added dropwise to a suspension of 2-nitroimidazole (2.23 g, 19.7 mmol, 1.0 eq.) and K2CO3 (4.08 g, 29.6 mmol, 1.5 eq.) in MeCN (30 mL) at 0 °C and the reaction mixture was stirred at 65 °C for 3 hours, then quenched with water (30 mL) and concentrated under reduced pressure. The resulting residue was diluted with water (20 mL) and extracted with EtOAc (4 x 50 mL), and the combined organic layers were dried over MgSO4 and concentrated under reduced pressure to afford 4 as an off-white solid (1.64 g, 65% (E)-1,2-Bis(1-methyl-1H-imidazol-2-yl)diazene (1)
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Nitromidazole 4 (0.74 g, 5.8 mmol, 1.0 eq.) and Zn dust (0.76 g, 11.6, 2.0 eq.) were added to a solution of 0.1 M aq. NH4Cl (70 mL) at 45°C, resulting in the immediate formation of an orange solution which was left to stir for 1 hour. The solid was filtered off and the filtrate was extracted with CHCl3 (2 x 50 mL). sources with tunable power, the PSS was measured at increasing power in order to ensure that the fast thermal isomerisation of 1 was not preventing the actual PSS being reached under a given set of conditions.
The E/Z compositions of the photostationary states were determined as follows. The authentic UV/vis spectrum of neutral E-1 was obtained by leaving the sample in the dark for over 5 half-lives after a similarly prepared NMR sample showed no presence of Z isomer. As none of the wavelengths surveyed showed quantitative photoswitching to the Z isomer and the thermal isomerisation of this sample was too fast to allow analysis by NMR or other quantitative methods such as HPLC, the spectrum of the Z isomer was estimated based on the PSS with the highest concentration of Z isomer (408 nm) using the following equation:
The value of f was varied until a range of values were obtained that predicted a sensible UV/vis spectrum for the pure Z isomer ( Figure S1 ). The maximum fraction of residual E isomer was taken as the highest value that ensured that the absorbance remained positive at all wavelengths. The minimum fraction of residual E isomer was taken as the lowest value that ensured that no obvious π-π* absorbance from the E isomer remained in the spectrum. The centre point of this range was used to assign the sample at (90 ± 3)% Z-1 and used to extrapolate the authentic Z isomer UV/vis spectrum with an approximate 3% uncertainty in absorbance. The other PSS ratios were assigned by interpolating between this value and the pure E isomer, with an estimated absolute uncertainty of about 5%. Figure S1 : Estimating pure Z spectrum of 1 i Due to limited access to the various light sources during the course of this work, several of the PSSs had to be obtained on separate occasions. The spectra for the different PSSs were combined ( Figure 3A , main text), with adjustments made to account for slight variations in concentration.
S6 pKa titration
A 1 x 10 -2 M stock solution of 1 in MeOH was prepared and diluted 1000-fold into 10 mM phosphate-citrate buffer (~pH 3) to 100 mL volume.
ii This solution was kept in the dark and the pH was measured using a pH meter. The UV/vis spectrum of a 4 mL aliquot was recorded for both the E isomer and the PSS, following 15 seconds irradiation with 415 nm light. This aliquot was then returned to the main sample and given time to thermally isomerise back to the E isomer. Aqueous NaOH was then added to increase the pH and the process was repeated.
A rough pH titration was also carried out on the E-isomer from pH 0 to 10, in order to observe the 1 st and 2 nd protonation event. ii This large volume (relative to the cuvette volume) was required so that small increases in pH could be achieved more easily with each addition of aq. NaOH. To measure the pKa of the Z isomer directly in these species was not possible, given the thermal isomerisation rate and the large similarity between the UV/vis spectra for three of the four species under study. Stolow 1 investigated the effect of 4-substitution on the pKa of cyclohexanecarboxylic acids by treating a system (akin to that in Figure S8) involving multiple thermodynamic equilibria where eq and ax are the conformers with the axial and equatorial carboxylate groups.
Figure S8: A system involving multiple thermodynamic equilibria
Where in that case, an apparent acidity constant Ka of the rapidly equilibrating system (that is measured by pH titration) is a weighted average of the Ka values, Ka ax and Ka eq of a conformationally locked cyclohexanecarboxylic acid where the weighting depends on the equilibration ratio (e.g., Kbase conf ) of the equatorial and axial conformers.
Naively extending this approach to photochemistry by replacing the conformer equilibrium constants with PSS ratios could lead to problems given the fundamentally different nature of such a photochemical switching regarding the non-applicability of the principles of microscopic reversibility and detailed balance to the photoswitchable base.
For the system in Figure S9 , we repeat the derivation by Stolow and address the limitations of such an approach. Where the acidity constants for the isomers, E and Z, are pH and irradiation independent and defined as:
and the ratios present in the photostationary state, R, in both the acidic and basic forms are given by:
and are not (yet) assumed to be pH independent. We assume that:
1. The rate of proton exchange in the acid/base reactions is much faster than rate of the bulk photochemistry 2 so the relative concentrations of acidic and basic forms of either isomer is determined only by the Ka and the pH of the medium.
The thermal isomerisation of Z and ZH
+ is not significant compared to the equivalent photochemical step (both should show first-order kinetics provided that the solution absorbance is low) 2 . This was demonstrated for the high and low pH cases by increasing the laser power until the UV/vis spectrum of the steady state solution is unchanged.
From equations (1), (2), (3) and (4), we see that:
hence that Rbase / Racid must be independent of pH (even if the individual ratios are pH dependant) and determined by the relative pKa values present. In our system at high pH we measure R base = 3.76 at pH 10. Given we know that ) is independent of pH, this leads to the (perhaps counter-intuitive) result that the low pH PSS is essentially pure ZH + . The reliability of this is discussed later.
We define the apparent Ka of the interconverting system akin to Stolow that can be determined by a titration under irraditing conditions:
As the acid/base equilibria are fully established, we can substituted for [EH + ] and [ZH + ] using equations (1) and (2):
Then, substituting for [Z] using equation (4):
If we can assume that R base (and hence, from equation (5) R acid
) is independent of pH, then we can used R base = 3.76
(as determined at pH 9) along with pKa E = 4.7, pKa' = 5.9 from the dark and light titrations to give pKa Z = 6.0. The reliability of this assumption is discussed later.
Unlike in the equilibrium situation in Figure S8 , where the equilbrium ratios are determined only by the energies of the various species and not by the mechanisms through which they are formed, this may not apply to the photochemistry situation in which extra mechanisms may be possible for forwards and back reactions at different pH.
For example, excitation of EH + could be followed by an excited state proton transfer from EH + * to the medium to generate E* that can then undergo further photochemical reactions, the quantum yield of forming ZH + from exciting EH + may depend on pH and buffer concentration affecting the rates in one direction only (microscopic reversibility does not apply here). This could lead to different ratios of R base and R acid although a full quantitative assessment of this affect would be complicated. However, the isomerisation reaction of these species are typically ultrafast with excited state lifetimes well under 1 ns, 3 so the significance of any diffusion controlled proton transfer with buffers in millimolar concentrations is likely to be negligible.
According to equation (8) , if R base in pH dependant, Ka' must also be pH dependant given that the individual Ka values are pH independent. This would suggest that the pH titration curve (main text, Figure 3B ) may differ in shape (i.e., it may be be flatter or sharper than the one for titration in the dark). This appears not to be the case, so the conclusions presented here are likely to be good estimates.
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Thermal isomerisation kinetics
The kinetics were obtained by UV/vis spectroscopy.
Figure S10: Thermal isomerisation of 1 at 25 °C in phosphate/citrate buffer, at pH 12.8 (neutral 1) and pH 3 (mono-protonated 1).
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Geometry optimisation and TDDFT calculations
General methods DFT calculations were performed in Gaussian09. 4 Geometry optimisations and frequency calculations (unscaled) were performed at the B3LYP/6−31G(d,p) level 5, 6 using a PCM continuum solvent model 7 as implemented in G09
for water, as shown to give good results by Jones and co-workers. 8 TDDFT calculations were performed at the CAM-B3LYP/6−311G(2df,2p) level, 9 using the same solvent model. TDDFT calculated excitation energies are unscaled.
Energy minimised structures SCF energies, enthalpies and free energies are calculated relative to the lowest energy conformer of the E isomer of the compound, using water as the solvent model. Two or three conformers were located for each compound.
Keq is determined as the equilibrium constant between both calculated isomers. The enthalpy, free energy and Keq are given at 25 °C. E-1 (1) relative to E-1H + imidazolium (1) 1204.4 1168.1 1167.4 Table S1 : Calculated data for the energy minimised structures of 1. For each isomer, the lowest energy conformer is in bold.
From the calculated data we can see that  E-1 is 52.0 kJ mol -1 more stable than Z-1, whereas E-1H + is only 16.0 kJ mol -1 than Z-1H + , due to the additional stabilisation caused by hydrogen bonding between the proton and basic imidazole nitrogen in Z-1H + .
 There is a very strong preference to protonate E-1 on the imidazole, rather than the azo (44.4 kJ mol
) This can be estimated as 6.3 pKa units difference, using the following derivation: Table S2 : Calculated data for the energy minimised structures of 2. For each isomer, the lowest energy conformer is in bold. Table S3 : Calculated λmax and oscillator strength (f) for n-π* and π-π* excitation (for the energy minimised structures). These are quoted for the lowest energy conformers (as highlighted in table S1). The differences in values for each conformer of an isomer are less than the predicted error of the method. 
Comparison of calculated and experimental spectra
The calculated spectra below are the weighted averages of the energy minimised structures of each isomer. After TDDFT calculations of the excitation energies, the spectra were simulated using the Gaussview 5 program and default peak widths and unscaled excitation energies. TDDFT spectra were then scaled relative to the E isomer experimental spectra so that the maximum peak heights were similar for easy comparison.
The TDDFT predictions of the excitation wavelengths for the neutral compounds were slightly blueshifted compared to the experimental spectra in terms of the π-π* transition. Both the calculated and experimental E spectra had no n-π* absorbance, while the calculated n-π* absorbance for the Z isomer matched the experimental spectrum well. The blue-shift in calculated π-π* absorbances compared to the experimental spectra was more apparent for the protonated compounds.
The TDDFT calculations were able to predict the general features of the spectra well, allowing visualisation of the separation between absorbances that is necessary to achieve good photoswitching.
Figure S11: Calculated (CAM-B3LYP/6-11G(2df,2p)) and experimental UV/vis spectra for neutral and protonated 1.
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GIAO
C NMR calculations
Geometry optimisations were repeated for the neutral and protonated species using the PCM solvent method for methanol at the B3LYP/6−31G(d,p) level of theory. 5, 6 The GIAO method was used for NMR chemical shift calculations, 10, 11 at both the B3LYP/6-311G(2df,2p) and mPW1PW91/6-311G(2df,2p) levels to ensure that changing the functional didn't alter the results significantly. NMR shielding tensors (σ) were calculated for the lowest energy conformers and also for benzene as a reference.
Chemical shifts were obtained using the calculated tensor and experimental chemical shifts for benzene. 12 The calculated chemical shifts were then scaled using the calculated and experimental values for neutral E-1, by plotting a graph of δcalc vs δexp and obtaining the slope and intercept of the linear fit. 
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Neutral and deuteronated NMR in CD3OD
The deuteronated sample was prepared by addition of 1 equivalent of acetyl chloride to neutral E-1 in CD3OD (to form AcOCD3 and D + ). 
